The asymmetric unit of the title molecular salt, [C 5 À ], consists of one 4-aminopyridinium cation and one hydrogen (9-phosphonononyl)phosphonate anion, both in general positions. As expected, the 4-aminopyridinium moieties are protonated exclusively at their endocyclic nitrogen atom due to a mesomeric stabilization by the imine form which would not be given in the corresponding double-protonated dicationic species. In the crystal, the phosphonyl (-PO 3 H 2 ) and hydrogen phosphonate (-PO 3 H) groups of the anions form two-dimensional O-HÁ Á ÁO hydrogen-bonded networks in the ab plane built from 24-membered hydrogen-bonded ring motifs with the graph-set descriptor R 6 6 (24). These networks are pairwise linked by the anions' alkylene chains. The 4-aminopyridinium cations are stacked in parallel displaced face-to-face arrangements and connect neighboring anionic substructures via medium-strong charge-supported N-HÁ Á ÁO hydrogen bonds along the c axis. The resulting three-dimensional hydrogen-bonded network shows clearly separated hydrophilic and hydrophobic structural domains.
Chemical context
Salts of organophosphonic acids with organic cations, e.g. with protonated primary (Mahmoudkhani & Langer, 2002b) , secondary (Wheatley et al., 2001) and tertiary amines (Kan & Ma, 2011) are of growing interest in supramolecular chemistry and crystal engineering. Besides their interesting topologies and structural diversity, they seem to be feasible model compounds for metal phosphonates as they exhibit similar structural characteristics but are less difficult to crystallize. Mostly, these organic solids establish extended hydrogenbonded networks which are characterized by a rich diversity of strong charge-supported hydrogen bonds (Aakerö y & Seddon, 1993) and can either be one-, two-or three-dimensional. This contribution forms part of our research on the principles of the arrangement of alkane-,!-diphosphonic acids (van Megen et al., 2015) and their organic aminium salts (van Megen et al., 2016) . Moreover, aminopyridines and the related protonated cations are of crucial interest in the field of biochemistry (Muñ oz-Caro & Niñ o, 2002; Bolliger et al., 2011) and are also used as counter-cations to stabilize complex salts (Reiss & Leske, 2014a,b) , in crystal engineering (Sertucha et al., 1998; Surbella III et al., 2016) as well as in polymer chemistry (Deng et al., 2015) . ISSN 2056-9890 
Structural commentary
The asymmetric unit of the title compound, [C 5 
, consists of one 4-aminopyridinium cation and one hydrogen (9-phosphonononyl)phosphonate anion, both in general positions (Fig. 1) . Generally, the first protonation of the 4-aminopyridine can take place at the exo-as well as at the endocyclic nitrogen atom. In the literature, all monoprotonated 4-aminopyridines characterized to date are protonated at the endocyclic nitrogen atom. Geometric parameters derived from the singlecrystal diffraction experiment for the title compound show a short exocyclic N-C bond length [1.324 (2) Å ] and slightly longer C-C and C-N bond lengths of the six-membered ring [1.350 (3)-1.425 (2) Å ]. The bonding properties of this cation are best described by a pair of mesomeric structures: the enamine and the imine form (Scheme 2), which have been discussed in detail before (Koleva et al., 2008) .
For the designation of the title compound, the systematic name of the amino form is used throughout this article. The bond lengths and angles of the anion are unexceptional and lie within the expected ranges. The alkylene chain of the anion shows nearly antiperiplanar conformations. In detail, the P-OH distances of the phosphonate moieties have values between 1.5535 (13) and 1.5786 (14) Å , longer than the P O distances [1.5045 (13)-1.5149 (12) Å ].
Supramolecular features
Within the crystal of the title compound, the phosphonyl and hydrogen phosphonate groups of the anions form twodimensional O-HÁ Á ÁO hydrogen-bonded networks which propagate in the ab plane. These networks contain 24-membered rings classified as a third level graph set R 6 6 (24) (Etter et al., 1990;  Fig. 2 ; Table 1 ). 24-Membered hydrogenbonded rings have been well known for decades (e.g. Mootz & Poll, 1984) . In particular, the R 6 6 (24) motif is very common (e.g. Gomathi & Muthiah, 2011; Maspoch et al., 2007) . Along the caxis direction, these networks are pairwise linked by the anions' alkylene chains to form a three-dimensional anionic substructure. The 4-aminopyridinium cations showstacking interactions. The rings are oriented in parallel displaced face-to-face arrangements (Grimme, 2008; Fig. 3 The asymmetric unit of the title compound plus symmetry-related hydrogen-bonded atoms [displacement ellipsoids are drawn at the 50% probability level; hydrogen atoms are drawn as spheres with arbitrary radii; symmetry codes:
. Table 1 Hydrogen-bond geometry (Å , ). (3) 2.14 (3) 2.965 (2) 156 (3) Symmetry codes:
rings and centroid offsets of 2.37 and 2.42 Å . These findings are comparable to those found for other compounds containing pyridyl moieties (Janiak, 2000) . Anions and cations are connected by medium-strong, charge-supported N-HÁ Á ÁO hydrogen bonds (Steiner, 2002;  Table 2 ) along the c axis. For these connections, each nitrogen-bound hydrogen atom forms one unbifurcated hydrogen bond (Fig. 1) . The resulting three-dimensional hydrogen-bonded network clearly shows separated hydrophilic and hydrophobic regions (Fig. 3 ). 
Related structures

Synthesis and crystallization
Equimolar quantities (0.5 mmol) of 4-aminopyridine (47.1 mg) and nonane-1,9-diphosphonic acid (144.1 mg) were dissolved in methanol, separately. The solutions were mixed and stored in an open petri dish. Within several days, colorless platelet-shaped crystals of the title compound were obtained by slow evaporation of the solvent. 4-Aminopyridine was purchased from commercial sources and nonane-1,9-diphosphonic acid was synthesized according to the literature (Schwarzenbach & Zurc, 1950; Moedritzer & Irani, 1961; Griffith et al., 1998) . Elemental analysis: C 14 H 28 N 2 O 6 P 2 (382.3): calculated C 44.0, H 7.4, N 7.3; found C 43.6, H 7.9, N 7.1. M. p.: 157 C. The IR and Raman spectra of the title compound are shown in Fig. 4 .
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . All hydrogen atoms bound to either nitrogen or oxygen atoms were identified in difference syntheses and refined without any geometric constraints or restraints with individual U iso (H) values. Carbon-bound hydrogen atoms were included using a riding model (AFIX23 option of the SHELX program for the methylene groups and AFIX43 option for the methine groups). The IR (blue) and Raman (red) spectra of the title compound. SHELXL-2014/7 (Sheldrick, 2015b); molecular graphics: DIAMOND (Brandenburg, 2015) .
4-Aminopyridinium hydrogen (9-phosphonononyl)phosphonate
Crystal data 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (
